The oxidation mechanism of Si-C-O fiber (Nicalon) has been investigated by considering the effect of partial pressure and temperature on the oxidation rate. The kinetic data of Nicalon were described by the two -dimensional disc-contracting formula. The rate constants were proportional to the partial pressure of O2. In earliest stage of oxidation, the rate equation for reaction control was applicable and the activation energy was estimated to be 45kJ/mol. The initial oxidation of Nicalon is considered to be determined by both the gas-phase diffusion and chemical reaction. When the fiber was completely coated with SiO2 film, the oxida tion rate obeyed the equation for diffusion control and the activation energy was 102kJ/mol. It is considered that the rate-determining step is the diffusion of oxygen molecules through the pores of SiO2 film.
Introduction
The 
At the earliest stage of oxidation, the following three steps appear to be involved because the fiber surface is ex posed to oxidizing atmosphere.
(1) The diffusion of oxygen from the gas phase to the fiber surface through a gas film, The diffusion of CO from the fiber surface to tha gas phase through a gas film.
When the surfaces of SiC fibers are completely coatec with SiO2 film, the oxidation is thought to occur through tho following steps:
(1) The diffusion of oxygen from the gas phase to tha oxide (SiO2) surface through a gas film,
The diffusion of oxygen through the oxide layer, 
where ri is the diameter of unreacted core (m) and d0 is the density of oxygen in oxide layer (mol/m3) . In addition, the oxidized fraction of fibers, X, is defined as follows: temperatures (1073-1773K). The experimental value of 50kJ/mol was 2-3 times larger than this value. The initial oxidation of Tyranno fiber (Si-Ti-C-O fiber produced from polytitanocarbosilane by Ube Industries Ltd.) under one at mospheric pressure of O2 gas was concluded to be determin ed by a chemical reaction from the applicability of Eq. (9) and the high activation energy of 188 kJ/moL13) Compared to this value, the above experimental value of 45kJ/mol is much lower, From Eqs. (6) and (7), the low pressure of O2 gas (pO2=0.25) results in slow gas-phase diffusion of O2. Thus, the contribution of gas-phase diffusion to the initial oxidation seems to be responsible for low activation energy. Therefore, the initial oxidation rate at low oxygen pressure is thought to be controlled by both the gas-phase diffusion and interfacial reaction. As shown in Figs. 2 and 3, this is verified by the results that both the rate equation for gas phase diffusion control and that for reaction control were ap plicable at initial stage of oxidation. Fig . 2 . Application of linear rate law to rate data at early stage of oxidation. Fig. 3 .
Application of two-dimensional contracting-disc formula for reaction control to rate data at early stage of oxidation. Fig. 4 .
Application of two dimensional contracting-disc formula for diffusion control to rate data. Table  1 shows the kinetic parameters for the diffusion controlled oxidation of various types of SiC14)-20) Oxygen ion, O2 or CO molecule was presented as the diffusion species through SiO2 layer which play an important role in the oxidation of SiC. For the diffusion-control of oxygen ion, the rate constant, kd, was proportional to pO21/2 and the ac tivation energy was the high level of 190 to 498kJ/mol. On the other hand, for the diffusion control of oxygen molecules, kd was proportional to pO2 and the activation energy was the low level of 65 to 155kJ/mol. Therefore, the experimental results, that is, the dependence of kd upon pO2 and the low activation energy of 102kJ/mol, imply that the oxidation of Nicalon is controlled y the diffusion of ox ygen molecules. The densities of SiC are given as follows: 3.21Mg/m3 for SiC of high purity,21) 3.14Mg/m3 for sintered SiC compact21) and 3.2Mg/m3 for CVD-SiC.20) Compared to these values, the density of Nicalon fiber (2.55Mg/m3) is much smaller. The low density of Nicalon seems to be caused by the generation of hydrogen and methane gases during the conversion of polycarbosilane fiber into SiC fiber. Thus, Nicalon is porous and seems to have high permeability to gases. Therefore, the SiO2 film, Effect of Oxygen Partial Pressure on Oxidation Rate of Si-C-O Fiber which was formed by the oxidation of Nicalon, also should be so porous that oxygen molecules are permeable. In addi tion, the oxidation of the free carbon, which is finely distributed throughout Nicalon, also is thought to be responsible for the porous structure of SiO2 film. Compared to the above activation energy of gas-phase diffusion (17 -20kJ/mol), that of the gaseous diffusion in porous medium is usually higher. Therefore, the activation energy of 102 kJ/mol obtained in present work is thought to be reasonable as that for the diffusion of O2 molecules through the pores of SiO2 film. The proportionality relation of the ra te constant, kd, with the partial pressure of O2 gas (Eq. (17)), held in present work, reflecting such a diffusion mechanism. On the other hand, the oxidation of SiC of high density appears to result in the formation of dense SiO2 film. Consequently, the diffusing species in the film were ox ygen ions and then kd was directly proportional to PO21/2 (Eq. 19). In addition, the high activation energies also were near ly equal to that for the interstitial diffusion of oxygen ion in silica, 298kJ/mol, and that for the vacancy diffusion of ox ygen ion, 420kJ/mol.22) 4. Summary Amorphous Si-C-O fiber (Nicalon) was oxidized under oxygen partial pressures from 0.25 to 1 at temperatures from 1073 to 1773K. The oxidation mechanism of Nicalon was proposed by carrying out the kinetic analysis of TG data as follows:
(1) In the earliest stage of oxidation, its rate obeyed both the linear rate equation for gas-phase diffusion control and the two-dimensional disc-contracting rate equation for reaction control. Both the rate constants, kg and kr, were pro portional to the partial pressure of oxygen gas, PO2. The ap parent activation energies for gas-phase diffusion and for chemical reaction were estimated to be 50 and 45kJ/mol, respectively. The initial rate seems to be determined by both the gas-phase diffusion and chemical reaction.
(2) The oxidation rate at later stage was described by the two-dimensional disc-contracting rate equation for diffu sion control. The proportionality between the rate constant, kd, and PO2 was found to hold. The apparent activation energy of 102kJ/mol was obtained.
(3) It is thought that oxygen molecules diffuse through the pores of SiO2 film to oxidize Nicalon at the interface bett ween SiO2 film and unoxidized core.
